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(54) Biociegradable copoJyestere and their preparation 



(57) A copolyester resin composition which has 
good physical properties and processabilUyp wherein (i) 
0.1 wt% to 30wt% of an "aromatic-aliphatic prepolymer^ 
having number average moleoular weight of from 30o 
to 30,000; (jj) ) 40wt% to 71 wt% of one or more aliphatic 
or alicycilc dksartsoxylic acids or anhydrides and (iii) 
29wt% to 60wt% of one or more aliphatic or alicycljc ^ly- 



OQls ara reacted together. The copolyester resin has a 
number average moieouiar weight of from 30,000 to 
70.000, a weight average molecular weight of from 
100.000 to 600,000, melting point of from 55*C to 
1 20*C. and melt index (1 90*C. 2. 1 flag) of from 0.1 to 30 
g/IOmin. Tbe product is a high molecular weight copol- 
yestdr which has bjodogradabitity and physical proper- 
tied required for packaging film and rubbish bags. 
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Deaerlptlen 

FieLDOFTHEINVBITIQN 

5 [D001| The present invention relates to copoiyester rasln compositions which have good physioat properties and 
hiodagradabilHy and a process for preparing and/or producing them. The compositions are suitable (or various appli- 
cations, such as films, moldings, and fibais. More particularly, the present invention has solved a problem of poor 
physical properties, eepooiaity tensile Strength and tear strength, so the compositions have many practical uses in- 
cluding packaging film and rubbish bags. 

10 

DESCRIPTION OF THE ftEIJyrED ARTS 

[0002] Many aliphatic porye&ter resin composltior^ have been described in the literature that biodegrade completely 
in the environment. But they have proved difficult to commerdadze becau&e of high cost, poor physical properties and 

IS infeilor processabillty comparing to the conventional polymers such as polyethylene, polypropylene and polystyrene. 
[0003] The typical polyester rosin used for various products including texturee, fibers, moldings, f onfnings, films, etc, 
is a high nrwlecular weight aromatic polyester resin produced by the polycondensatlon of terephthaiic add with ethylene 
glycol, or terGphmalk: acid with 1 ,4-butBnediol. The high ntolecutar weight potyaster rosin is a polymer having a numl^r 
average molecular weight of over 10,000. Such aromatic polyester resins are not degradable naturally so disposal is 

so a serious problem of worldwide environmental concern » 

[00(M] Otherwise, tfie aliphatic polyester resins are known as being biodegradable (J.Macromoi. Sci.-Chem.. A23 
(3). pp.393-409 (1966)). They have a variety of uses in the medical end agricultgrai fields, and other appfcations are 
being developed. 

[0005] However, conventional aliphatic polyester resins have a low melting poim and a high melt index, because of 
9s the structure of the main chain and the er^stailinlty thereof. As they also display low heat resistance and unsotlsfaotory 
mechanical properties, usage of these polymer materials has been limited. In orderto be useful, an aliphatic polyester 
resin should have a number average molecular weight of more than 30,000. However, It Is difficult to manufacture 
aliphatic polyester resins having a number average molecular weight of more than 16,000 using the conventional 
potycondenaation reaction system because further growth Is overtaken by decomposition due to the poor heat stabtHty 
so of aliphatic polyesters. 

p006] In order to solve this problem, Korean Laid-Open Patent No. 95*758 discloseB a process of preparing high 
molecular weight aliphatic polyester resins having a number average molecular weight of more than 30,000» by con- 
trolling the reaction temperature, the degree of vacuum and the amount Of catalyst. However, these aliphatic polyester 
resins have poor procos&abiiity because of low weight-average molecular weight and low heat stability. 

^ [0007] Korean Laid-Open Patem No, d5-114i 71 discloses a process of preparing h^h molecular weight allphatki 
polyester resins by introducing monomer containing poly[at least thriee)-functlcnal groups, where the recommended 
functk>nal groups are hydroxy{'OH) or carboxyllc(-COOH). According to this process, by introducing such monomer, 
the reaction time can be reduced and the prccessability of the resin can bo enhanced by broadening the molecular 
weight distribution. However, utilization of the polyester resin product is very dinicult because physical properties such 

^ as a tenslts strength are poor due to the increased amount of low molecular weight components, Furthemnore. it is 
difficuit to control the reaction to prepare the pov^ter resin, because the polyester resin easily forms a gel. 
[0008] As yet another process for increasing the molecular weight of an aliphatic polyester resin, Korean Laid-Open 
Patent No. 95-25072 discloses high molecutar weight aliphatic polyester rosins produced by using isocyanate as a 
coupling agent reacting with an aliphaUc polyester resin having a number average molecular we^ht of from 15,000 to 

45 20,000, which is produced by dehydration ordeglycolation of (1 ) en aliphatk; (or alicyclic con^pound), and (2) an aliphatic 
(or allcydlc) dicariscxyllc acid (or anhydride), and a little of a (3) monomer of polyhydric alcohol or poiyhydric ea rboxylic 
acid (or anhydride). According to the application, the altphatlc polyester resin has a number average molecular weight 
of from 20,000 to 70.000. However^ this procesa rsquirea a longer raactbn time which leads to poor production yield. 
And the isocyanate used as a coupling agentto Increase the molaeular weight is toxic so it needs to be handled caretulty. 

so (0Q09J As yet another process for IncraaBlng the molecular weight of an aliphatic polyester resin, US Patent No. 
€,843^73 discloses a high molaeular weight aliphatic polyester resin produced by using a twin-screw extruder. However 
(his process is very complicated and requires a longer reaction time. 

[001 0] As yet another process for increasing the molecular weight of the aliphatic polyester resin , International Ap- 
plication W095/03347A1 discloses a high molecular weight aliphatic polyester resin produced by using dietnylene 
S9 glycol aa a glycol ingredient However this process requires a longer redCIion tinoe, and the product is not suitable for 
practical use beeausa of lis low melting point and poor physical propeitles. 

[001 1) In the conventional processes as mentioned above, coupling agents such as isocyanatas or monomers such . 
as a poiyhydric alcohols or poiyhydric carboxylic adds have been used. These conventional processes have many 
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problems such as low production ylelcl«, poor physical properties &nd/or poor prooessebnity. 
SUMMARY OF THE INVENTIQN 

s [0012] The present Invention provides a copoiyeetor m&in conf^position which has good physical properties, t>iode- 
gr«dability and prooessabiroy and a process for preparing and/or producing the same. To improve the blodegradability 
and physical properties of the copolyester, tho present invention employs a multi-stage reaction, and copolyester resins 
having numbar'averagemolecularweightsoT from 30,000 to 70,000, weight-average molecular welght&of from 100,000 
to 600,000, melting points of from 55"C to 120 •C, and melt Indexes cf from 0.1 to 30 g/1 Ominute (190*C, 2,1 60g)can 

10 be obtained. The processablllty and phy^al properties of the copolyester resins of the present invention have been 
gpQatly enhanced by incofpcrating (I) an 'aromatic-aliphatic prepolymer^ having number-average motocular weight of 
from 300 to 30,000 and a number of contiguous repeating aromatic units In the dicarboxylic acid portion lees than S. 
Tl^us the product can be processed using oonventtonal processing equipment for polyethylene and polypropylene 
without any nnodincatton. 

'5 [0013) To solva the above mentioned problems, the present inventors have employed a muiti-atep reaction. The 
copolyester resin composition according to the present invention will be described in detail hereinafter. 
t0014J In the first reaction step, an ollgomer-iike substance (hereinafter refen-ed to as "aromatic-aliphatic prepoly- 
mers") having number average molecular weights of from 300 to 30,000 and having fewer than 6 contiguous repeating 
aromatic unHs in the dicaiboxylle acid portion is obtained by one or mora condensation, eeteriflcatton and/or ester- 

so exchange reactions vwth three ingcedientB. which are preferably 

(a) one or more aronriatlc dicarboxylic acids (or anhydrides thereof) selected from dimethyl tarephthalate, tereph- 
thaiic acid, phthalic actd« phthalic anhydride, Isophthalic add, 4^methylphthalic acid, 4-methylphthallc anhydride, 
dimethyl phthaiate; 

M (b) one or more aliphatic (or alioyclic) dtoarbOKyllc adda (or anhydrides thereof) selected from succinic add. glutaric 
acid, adipic acid, pimelic acid, suberic add^ azeiab aetd» sebacic add, 1 ,9-nonanedicarboxylic acid. 1,10-decan* 
edicatboxyllc add; and 

(c) one or more aliphatic (or alicyclic) glycols solocted from ethylene giyool. diethylene gfycol, tricthylene glycol, 
tetraethylene glycol> propylene glycol, 1 ,3-propanediol, 1 ,3'butanfldiol, 1 ,4-butanediol. neopentyl glycol , 1 .S^pen* 
30 tanediol, 1,6-hexanediol, 1 ,7-heptanediol» 1,2-octanddiol. 1 .a^octanedlol, 1 ,d-nonanediol, 1 ,2-deoenediol, 
1 ,10-decanedle], decamethylene gtyeoj, 

[001 5] Naxt, in the second reaction step, to from 0.1 wt% to 30wt% of the ''aromatic-aliphatic prepolymer" produced 
in the first reaction step is added (D) from 40wt% to 70wt% of one or more aliphatic (or alicyclic} dicarboxylic adds (or 

95 anhydrides thereof] preferably selected from Succinic add, glutaric acid, adipic acid, pimelic acid, suberic acid, azoiaic 
add, sebacic add, 1 ,9-nonanedlcarboxylic add, 1 ,1 0-decanedicarboxyllc acid, and (iii) from 29wt% to 60wt% of on© 
or more aliphatic or alicyclic glycols preferably seloctedfrom ethylene glycol, diethylene glycol, trieihylene glycol, tetna* 
ethylene glycol, propylene glycol, 1 ,3-propanedioi, 1 ,3-bgtanfidio|, 1,4-butancdiol, neopentyl glycol, 1,5-pentanediol, 
1 ,d-haxanGdio|, 1 .T-heptanediol, 1 ,2*octanedioi. 1 ,8-cctanBdioi, 1 ,9-nonanedlo|, 1 ,2-decanGdiol, 1,10-decanediOi, 

40 decamethylene glycol, and one or mora estarif ication and/or ester-exchange reactions are performed so as to obtain 
a polymeric resin. 

[0016] Finally, in the ttiird reaction step, the polymaric resin which was produced in the second reaction step is 
polyconoensed to obtain a copolyester with a number-average molecular weight of from 30,000 to 70,000, weight- 
average molecular weight of from 1 00.000 to 600.000. melting point of from 55'C to 120*C, and melt Index of from 0.1 

45 to 30 g/1 ominute (1 dO'C, 2,1 60g). 

[0017] In the first reaction step, (i) the "aromatic-aliphBtic prepolymer" (s obtained by at least one of a condensation, 
esterlfication. or ester-exchange reaction, with (a) one or nwra aromatic dicarboxylic acids or anhydrides contaimng 
aromatic groups, indudes dimethyl terephthalate and terephthalic add; (b) one ormors aliphatic or BllcycliDdloari»oxylic 
adds or anhydrides, e.g. sucdnio add; and <c) one o/ more aliphatic or alicydic glycols aeleoted from at least one of 

so 1 ,4-butanediol and ethylene gtyooJ. Preferred ingredients are aueoinio add alone; ethylene glycol alone or a mixture 
of ethylene glycol and another glycol (C3-C10 alkylene, C4-C10 oyoloalkylene); aromatic dicarboxylic acid (dimethyl 
terephthalate. terephlhalio acid) , a succinic add alone ; 1 ,4-butanedtol alone or a mixture of 1 ,4-butanediol and another 
glycol (C2<:3 and C$-C1 0 allcylene, C4-C l o eycloalkylane}; aromatic dicarboxyCc acid (dimethyl terephthalate, tereph- 
thalic acid), p Succinic acid alone or a mixture of succinic acid and other dicarboxylic add (C3-C10 allcylene, C4-C10 

i$ cydoalkylcne); ethylene glycol alone; aromatic dicarboxylic add (dimethyl terephthalate. terephthstic add), Xsucclnic . 
acid alone or a mixture of succinic acid and other dicarboxylic add (OS-CI 0 aikylene, C4-C10 cycloalkylene): 1,4^bu> 
tanediol alone; aromatic dicarboxylic acid (dimethyl terephthalate. terephthallc acid), 8 succinic acid alone or a mixture 
of Buccinio acid and other dloarboxyiio acid (C3^1 0 alKylene, C4-C 1 0 cydDaikyiene); ethylen e glycol alone or a mixture 
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of elhyJend glycol and other glycol (C3-C10 aiKyiane. O4-C10 eycloallcylone); aromatic dlcaiboxytio acid (dimethyl 
terephthalate, ter^hthdllo acid), £ succinic acid alone or a mbcture of succinic add and othar dicartioxyrjc acid (C3-Ci 0 
alkylene, C4-C10 cydoalkytene); 1 ,4-butanediol atono or a mixture or 1 ,4'butanediol and othor glycol (C2-CS and 
C5-C10 alkylene. C4-C1 0 cydoall^lene); aromatic dicaitoxyllc acid (din^athyl terephthalate. terephthalks acid). 

9 [0016] Next, In the second reaction step, from 0.1 wt% to 30wt% ot (I) the "aramatic-allphatic prepolymer* produced 
in the first reaction step is mbced with (U) one or mora aliphatic (or alicyclic) dicarboxyllc or anhydrides thereof, including 
succinic acid; and (Hi) one or more aGphatic or allcyclle glyeols selected from at least one of 1 »4-0Uianediot and ethylene 
glycol. Prefen'dd ingredients are succinic acid alone; ethylene giyool alone or a mixture of ethylene glycol and other 
glycol (C3-C10 alkylene, C4-C10 oycloalkyiene), a succinic acid alone: 1 .4-butanedlo| alone or amixture of 1 ,4-bu- 

10 tanediol and other glycol (C2-C3 and C6-C1 0 alkylene, C4-C10 cydoalkylene), p aucclnic acid alone or a mixture of 
succinic acid and other dicarboxylic add (C3-C10 alKylene, C4-C10 cyeloelkyienc); ethylene glycol alone, x succinic 
acid alone or a mixture of succinic acid awl other dicarboxylic acid (C3-C10 alkyiene, C4-C10 cycloalkyiene); 1 ,4-t>u- 
tanediol alone, S succinic acid aioneor a mixture or succinic add and other dlcart^oxylic add(Ca-C10 ail^iene, C4-C10 
cycioaDcylene); ethylene glycol atone or a mixture of ethylene glycol and other glycol (C3-C10 alkylene. C4-C10 cy- 

13 cioslkylene), e succinic add aione or a mixture ot succinic acid and other dicarboxylic acid (C3-C10 alkylene, C4-C10 
cycloalkyiene); 1 ,4-butanediol alone or a mixture oT 1 ,4-Outanedloi and other glycol (C2-C3 and C5-C10 alkylene, 
C4-C10 cycloalkyiene), and one or more csterification and/or ester-exchange reactions are performed to thu8 obtain 
the polymeric resin after water or methanol has beon extracted, 

[00191 The present Invention provides a process for preparing and/or producing the above mentioned copolyester 
^ resin comprising three reaction steps which are described below in detail. 

[0020] The first reaction step, to produce the aromatic-aliphatk: prepolynDer. is preferably perfonned at a tempersture 
of from 160'»C to 240*C. the resulting water or methanol being extracted. If the reaction temperature Is lower than 
1 60^0, the water or methanol cannot easily be extracted. If the reaction t^perature is higher than 240'C» the reactants 
may become degraded 

[0021] To describe this In mora detail, at first (a) one or a plurality of aromatic dicarboxylic acids or anhydrides thereof 
whteh containing aromatic groups, including (Anethyl terephthalate and terephthallc add, ancj (c) one or a plurality of 
aliphatic or alicyclic glycols selected from at least one of 1 ,4-butanediol and ethylene glycol, are reacted together to 
produce water or methanol by condensation, esterification, and/or ester-exchango reactions, at a temperature prefer- 
ably from 180*0 to 220*C, Than after the resulting water or methanol has been removed at a temperature of from 

ap 1 60*C to 1 ao^'C at whk;h temperature range the aromatk: dk^rboxyUc acid no longer reacts with the aliphatic glycol, 
(b) one or a plurality of aliphatic or alicyclic dicarboxylic acids or anhydrtdsa thereof including succinic boW le added 
to produce (i) the aromatle-aliphaTle prepolymers described above. Beoeuee there are fewerthan S contiguous repeat- 
ing aromatK units in the dicaiDOXyiio add portion of the 'aromazic-allphatk: prepotymeT the blodegradability of the 
copolyester is not affected. The chemical reaction Is represented by the following equation (1), wherein terephthaJic 

^ add is employed as the (a) aromatic dicarboxyic acid, succinic acid Is empk^yed as the (b) aliphatic dicarboxylic acid 
ingredient, and 1 ,4-butanedlol Is employed as the (c) aliphatic (including cydio type) glycol. 



H00C-(CfiH4>-C00H ^ HOOC-(CH2)2-COOH ^ HO-(CH2)4— OH 



A) HO-(C^CH2b<:CHCH2)4'0]-H ^ B) HO-i6^(C6H4)-CO-(CH2)4-01 (1) 

45 

[0022] The products A) and/or B) ot the reaction according to equation (I) are distributed randomly in the ''aromatk> 
aliphatic prepolymer', which can be represented by the following fomnula (II). 




[0023] To produce (I) the "aromatle-atlphatic prepolymers* defined above, in the first reaction £tep, for 1 .0 mole of 
total dicarboxylic acid (sum ot (a) and (b)) which Is added in the first reaction step, the mole ratio Qf.(c) aliphatic or 
alicyclic glycols is prefersbly from 1 ,1 mole to 1 .5 mole. And for dicarboxylk: acid ingredienlB which are added in the 
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first reaction step, the mole ratio oT aromatic component to aliphatic component is preferably in the range from 0,2;0,a 
to 0^:0.2. If the mole ratio is less than 0.2:0.B. the reactivity decreases and the oopolyeeter resin has poor physical 
properties and color, tf the mole ratio is higherthan 0.8:0.2»'tfie rate of blodegradatjon decreasea, And the most profcred 
mote ratio of (a) aromatic diearboxylic acid or anhydrides thereof : (b) aliphatic or aticyclic dicarboxylic acid or anhy- 

s drides thereof : (c) aliphatio or ailoyclic glycoia la D.46:0£6:i .35. 

[9024] Then, In the second reaction step^ to the (I) "aromatic-aliphatic prepolymer" produced in the first reaction atep 
is added (II) one or more allphatte or allcydic dicarboxylic adds or anhydrides thereof including succinic acid, and (ill) 
one or more aliphatic or alicydic glycols selected from at least one of 1 ,4-butanedioi and ethylene glycol, and at a 
temperature from 200*0 to 220*C, an eaterffication and/or eater-exchange reaction is performed. After the raaulting 

^0 water or methanol has been extracted, a polymeric resin is obtained. The amount of the (I) "aromaiic-aiiphatio prepol- 
ymers- preferably ranges from 0. 1 wt% to 30wt%. If the amount of the (i) "aromatlc-all^hatlo prepolymers" is less than 
0.1 wt%. not only the reaction tln» becomes longer but alao the phyelcai proportlas become poorer. IT me amount of 
the (i) "aromatic-aliphatic prepolymerB" is more than 30wi%, tho rato of biodagradatlon becomes slow and the melting 
point IS lowared so It Is difficult to process the produt^ by plastic processing equipmem. 

IS [0025] Finaity. In the third reaction step, the polymeric resin produced In the second reaction step is poiycondensad 
at a temperature of from 21 0*C to 270*C and 0.00S'*10Torr to produce a copolyester resin with a number-average 
molecular weight of from 30.000 to 70,000, weight-average molecular weight of from 100,000 to 600,000. melUng point 
of from S5*CTo 120*C, and melt index ol from 0,1 to 30 g/lOminute (190»C, 2.160g), 

[Q02q At the start of and/or the end of the esterificatjon or ester-exchange reaction in the first and second reaction 
«) steps, a single catalyst or mixture of catalysis can be added, wherein the amount of the cataly6t(€) is preferably in the 
range of from 0.02wt% to a.Owt% of the total reaccants. n the amount of catalyst employed is less than 0,02wt%. it 
takes a long time to extract the theoretical amount of water, methanol or glycol, or It Is impossible to extract If the 
amount of the catalyst employed is more than 2.0wt%« the color of the product is poor even though the theoretical 
amount of water, methanol or glycol can be easily extracted. The catalysts are preferably selected from compounds 
is of Ti, Qe, Zn, Fe, Mn, Co, and Zr, preferably from organometallic compounds comprising tiianate, antimonate or tin 
oxide and, more preferably, from one or more of tetrabutyl titanate, calcium acetate^ antimony trioxide, dibutyitin oxide, 
zinc acetate, antimony acetate, antimony glycolste, tetrapropyl titanate* 

[0027] Additionally, at the start of and/orthe and of the esteriflcatian or ester-exchange reaction in the first and second 
reaction step, a stabilizer should preferably be added in an amount from 0.02wt% to 2,Qwt%. If the amount of the 
M stabilizer used is less than 0.02wt%, the effect of the stabilizer Is not sufficient and the color of the copolyester product 
Is yellow or brown. If the amount of the stabilizer exceeds 2.0wt%, the ixne required for the reaction is extended and 
the product will not have a sufficiently-high molecular weight The preferred amount of the stabilizer Is about 0.22wt%, 
and the stabilizer used Is preferably at least one phosphatic slabjlizer» e.g. trlnfiethyl phosphate, phosphoric acid and/ 
or triphenyi phosphate. 

35 [0023] ^ecauso of the enhanced physical properties and processabiOty of the copolyester resin according to the 
present invention, It is suitable for use in packaging films and rubbish bags. 

[0029] The invention will now be described with reference to certain specific examplee which are provkJed hereinafter 
for the purpose of illustration only and not limitation.. 

40 EXAIMPLES 

[0030] In the following examples, the tensile strength, elongation at break of the films were measunad by ASTM D8fi2 
after the copolyester was prass-fomied about 1 50pm thickness; the tear strength was measured by AST^4 D 1 922 with 
40^m thickness blown film. Melt index (Ml) was measured by ASTM D1238, where the temperature was 190|un and 
45 the load was 2,1 60g. The molting point was measured by using differential scanning calorimetry (DSC) with the scan 
rate of lO*C/minute. Molecular weights are measured tsy gel pernieation chromatography (GPC) and are based on 
polystyrene equivalent molecuiar weights. And the processabllity was detemiined whether it can be processed with 
conventional low density polyethylene (LBPE) k>Sown film extruder. 

9Q EXAMPLE 1 

[0031] First, aftar purging a 500ml reactor with nitrogen, ig.2g of dimethyl terephthalaie and 27 g of 1 ,4-butanedlol 
are added to a reader, and the mixture is ester-exchange reacted until the approximate theoretical amount of methanol 
is produced at the temperature of 200*C. And then, 1 1 .8g of succinic acid is added thereto, and the mixture is esterlf led 
95 until the approximate theoretical amount Of water is produced at the temperature of 1B0*C. thus obtain 39.4g of "aro- 
matic-aliphatic prepolymers" wherein the number average molecular weight of "aromatic-aliphatic prepolymers* is ap* 

proximately 6o0. 

[0032] And then, 11 Bg of succinic acM, 1 SSg of 1 ,4-butanediol and 0.3g of tetrabutyl titanate acting as a catalyst are 
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added hereto, and tt reacts ford hours until the approximata theoretica! amount ot waier is produced at md compdrature 
of 2(^C. At the end of this reaction step. 0.1 g of antimony trioxide. o.2g of dibuiyftin oxido and 0.07g of tetrabutyl 
titanate acting as catalysts and 0.2g of triineihyl phosphate acting as a stabilizer are added thereto. 
[0033] Rrtalty, tha temperature is elevated to 245*C and poiyeonden&atlon (or cond«isatjon>polymorizatlon) is al* 
9 lowed to proceed for 21 0 minutea undor 0.3 Torr vacuum condition. 

[0O34] The product hae a melt Index of 3 g/IOmin. (lao^C, 2,160g), a number average molecular weight of 47,000. 
a weight avemga molecular weight of 380.000 and a melting point of 100*. 

EXAMPLE 2 

10 

[0035] First, alter purging a 500ml reactor with nitrogen, 8.5g of dimethyl tgrephthalate and 26 g of 1 »4-butanediol 
are added to a reactor, and the mixture ia ester-exchange reacted until the approximate thecretlcai amount of methanol 
is prodiKred at the temperature of 200''C. And then, 5.9g of succinic acid and 7.3g of adipic acid are added thereto, 
and the mixture is esteriried until the approximate theoretical amount of water is produced at the temperature of 1 fiO^C. 
13 thus obtain 2$g of 'aromatic-anphaticprepoiymers* wherein the number average molecular weight of "aromatic-aliphat- 
ic prepolymers" U approxin^atdty 10,000. 

[0036] And then, 1079 o1 succinic acidr I4.6g of adipic acid, I35g of 1 ,44)utanedlol and 0.4g of tetrabutyl tltanato 
acting as a catalyst are added themto, and it reacts for 2 hours until the approximate thaoreticai amount ot water Is 
produced at the temperature of 200*C. At the end of this reaction etep. 0.1 g of antimony trioxide, 0.2g of dibutyltin 
so oxide and 0.07g of tetrabutyl titanaie acting as catatysts and 0.29 of trlmethyl phosphate acting as a stabilizer are 
added thereto. 

[0037] Finally, the temperature is elevated to 245*C and poiyeondansation (or condensation-polymerization) is al- 
lowed to proceed for 200 minutes under 0.3 Torr vacuum condition. 

[0038] The product has a melt index of 7 g/1 Omin. (1 90»c, 2,1 60g), a number average molecular WGight of 39.000. 
25 a weight average molecular weight of 290,000 and a melDng point of 88*C. 

EXAMPLES 

[0039] First, after purging a SOOmt reactor with nitrogen, S.eig of tereptithalb acid and 12.6g of 1 ,4-butanedloi are 
^ added to a reactofj and the mixture is estarffjed until the approximate theoretical amount of water is produced at the 
temperature of 200*C. And then, 4.72g of succinic acid is added thereto, and tho mixture is esterified until the approx- 
imate theoretical anoount of water is produced at the temperature oT 180*0. thus obtain 13g of "aron:iat]c-aiiphatto 
prepoiymerB" wherein the number average moiecuiar weight of "aromatic^aliphatic prepolymore" 16 approximately 400. 
[0040] And then, 11 8g of succinic acid, 92g of ethylene glycol and 0.4g of tetrabutyl tltanate acting as a catalyst are 
35 added thereto, and it reacts for2 hours until the approximate theoreUcal amount of water Is produced at the temperature 
of 200'C. At the end of this reaction step. 0.1 g of antimony trioxide, 0.2g of dibutyWn oxide and 0.o7g of tetrabutyl 
titanate acting as catalysts and 0.2g of trimethyl phosphate acting as a stabilizer are added thereto. 
[0041] Rnally, the temperature is elavated to 24S*C a/id polycondensation (or condensation-pofymehzation) is al- 
lowed to proceed for 220 minutes under 0.3 Tbrr vacuum condition. 
40 [0042] The pmdtxit has a melt index of 1 0 g/1 Omin. (1 OO'^C, 2,1 60g], a number average moiecuiar weight of 41 ,000. 
a weight average molecular weight of 380.000 and a meiti ng point of ^C, 

EXAMPLE 4 

^ [0043] Rrst, after purging a SOOml reactor with nitrogen, d.85g of dimethyl terephthalate and Idg of 1 ,4-buianedlol 
are added to a reactor, and the mixtui^ Is e$ter-exchange macted until the approximate theoretical amount of methanol 
is produced at the t^perature of 200*C. And then, 4.72g of succinic acid and 5.B4g of adipic acid are added thereto, 
and the mixture is esterified until the approximate theoretical amount of water Is produced at iho temperature of 1 80a 
thus obtain 2fig of "aromatic-aliphatic prepotymers" wherein the number average molecular weight of "aromatic-aliphat- 

90 \a prepolymers" is approximateiy 2,000. 

[0044] And then , 11 Bg of sucoinio add. 1 dSg of 1 .4^butanadio| and 0£g of tetrab utyl titanate acting as a catalyst are 
added thereto, and it reacts for 2 hours until the approximate theoretical amount of water is produced at the temperature 
of SOO'^C. At the end of this reaction step. 0.1 g of antimony ttloxide, 0.2g of dibutyltin oxide and 0.07g of tetrabutyl 
titanate acting as catalysts and 0.2g of trimethyl phosphate acting as a stabilizer are added thereto. 

ss [0045] Bnally, the temperature is elevated to 245*C and polycondensation (or eondenfiation-poiymerization) is al- 
lowed to proceed for 200 nrtlnutes under 0.3 Torr vacuum condition. 

[0046] The product has a melt Index of 4 9/I flmln. <1 90»C. 2,1 60g). a nurriber average molecular weight of 42,000, 
a weight average molecular weight of 400,000 and a melting point of 109*0- 
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EXAMPLES 

[0047] Firat. aner purging a 500ml reacior with nitrogen, 1 .97g of dimethyl terephthalate an4 1 0,ag of 1 ,4-butanediol 
are added to a reactor, and the miKture 16 oeter-exohangs raaototf until the approximate theoretleaJ amount of methanol 
s 1$ ppoduoad at the temperature of 20Q«C. And then, 2.36g of auocinie acid and 2^2g of adipic acid are added thereto, 
and the mixture eslerlfied until the approximate theoretical amount of water le producect at the temperature of 1 80*C, 
thus obtain s.dg of "aromatic-aliphatic prepolymerB* wherein the number average molecular weight of "aromotic-aUphat- 
ic prspolymere" ts approximately 1,S00. 

[0048] And then. 118g Of eucdnlc aold. 9&g of 1 ,4-butanadiol, 18g of ethylene glycol and 0.1 g of teirabutyl tftanate 
10 acting as a catalyst are added thereto, and it reacts for 2 hours until tho approximate theoretical amount of water is 
produced at the temperature of 200*C. At the end of this reaction step, 0.1 g of antimony trioxide, 0.2g of dibutyltin 
oxide and 0.07g of tetrabu^l ticanato acting aa eatalyaia and O^g of trlrnethyl phosphate acting as a stabilizer are 
added thereto, 

[0049] Finally, the temperature is elevated to 24€^C and potycondenaatlon (or condensation-polymerization) is al- 
15 lowed to proceed tor 210 minutes under 0,3 Torr vacuum condition. 

[0050] The product has a melt index of 9 g/1 Omin, <1 BO^'C, 2, 1 BOg), a number average mdeoular weight of 33.000. 
a weight average motocular weight of 190.000 and a melting point of dfi^C. 

EXAMPLE 6 

20 

[0051] The "aromatic-aliphatic prepolynfws" with number average molecular weight of approximately SOO waa ob- 
tained following the seme procedure as in Example 1 ■ 

[00^] After purging a SOOmI reactor with nitrogen, lOg of "aromatic-aliphatic prepolymeis" with number average 
molecular weight of approximately 500. 1 079 of succinic acidi U.6g of adrpio acid, 108g of 1,4-butancdtol. e.2g of 
£9 dthyiene glycol and 0.asg of tetrabutyl titanate acting aa a eatatyat are added therato, and It reacts for 2 hours until 
the approximate theoreticaJ amount of water is produced at the temperature of 200*C. At the end of this reacUon step. 
0.1 g of antimony trtcxide. O^g of dibutyMn oxide and 0. 1 g of tetrabutyl titanate acting aa catalysts and o.2g of trimethyi 
phosphate acting as a stabilizer are added thereto. 

[0053] Finally, the terr^perature Id elevated to 244^ and polyconden&ation (or condensation-polymerization) is al- 
30 lowed to proceed for 220 minutes under 0^ Torr vacuum condition. 

[0054] The product has a melt index of 5 g/IOmin, (190*C, 2,1 6O9), a number average molecular weight Of 38,000, 
a weight average molecular weight of 250,000 and a melSng point Of Gl*C. 

EXAIV^PLE? 

[0055] The "aromatic-aliphatic prepotymers" with number average molecular weight of approximately 10,000 was 
obtained following the same procedure as in Example 2. 

[0056] After purging a 600ml reactor with nitrogen, 10g ot •aromatlc-allphatic prapolymers" with number average 
molecular weight of approximately 1 0.OOO, 107g of succinic acid. 14.6g or adlpic acid, 1 35g of 1 ,4-butanediol and 0.4g 
40 of tetrabutyl titanate acting as a catalyst are added thereto, and it reacts for 2 hours until the approximate theoreticaJ 
amount of water is produced at the temperature of 200*C. At the end of this reaction step, 0.1 g of antimony trioxide, 
0.2g of dibutyltin oxide and 0.1 g of tetrabutyl titanate acting as catalysts and o.2g of trimethyi phosphate acting a& a 
stabilizer are added thereto. 

[0057] Rnally. the temperature is elevated to 243^0 and polycondensation (or condensationpolymerization) is al- 
43 lowed to proeaed for 21 0 minutes under 0.3 Torr vacuum condition. 

[0058] The product has a melt Index of 9 g/10mln. (lao'^C. 2,160g), a number average molecular weight of 34,000, 
a weight average molecular weight of 21 0,000 and a melting point of 1 04*C. 

EXAMPLES 

so 

[0050] The "aromatic-alrphatic prepolymers" with number average molecular weight of approxinnately 400 was ob- 
tained following the same procedure as in Example 3. 

[0060] After purging a soomI reactor w|ih nitrogen, 6g of "aromatic-fdiphatic prapclymens' with number average mo- 
lecular weight ot approximately 400. 146g of adlpic add. 135g of 1 ,4'bulanediol and 0.4g of tetrabutyl titanate acting 
^ as a catalyst are added thereto, and it reacts for 2 hours until the approxbfnate theoretical amount of water le produced 
at the tempemture of 200*C. At me end of this reaction step, 0.1 g of antimony trioxide, O^g of dibutyltin oxide and 
0.1 g of tetrabutyl titanate acting as catalysts and 0.2o of trimethyi phosphate acting ae a atablltzer are added thereto.. 
[0061] Rnally, the temperature Is elevated to 242*C and polycondensation (or condensation-polymerization) is al- 
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lowed to proeedd for 210 minutes und&r 0.3 Torr vacuum condition. 

[0062] The product hae a melt Index of 3 g/1 onnln. (1 90*C, a.1 60g), a nunnbar acvaraQe molecular weight of 42.000. 
a weight average moleourar weight of 390,000 and a melting point of M*C, 

5 COMPARATIVE EXAMPLE 1 

[0063] After purging a 600ml reactor with nitrogeh, 108g Of 1 »4-butBnediol and llfl g of auocinlc acid arc added to 
a heat-mening condensation reactor. After the temperature Is elevated under an atmospnerd of nitrogen, asterification 
ia allowed for 5 hours at the temperature of from 1 40'C to 200<*C, and astarif Icatton la continually allowed for 1 .5 hou rs 
iO under 20 to 2 mmHg pressure. 

{0064] And then, O^g of totraisopropyl titanato acting as a catalyst is added thereto. Then, the de-glyeol reaction is 
allowed Tor 6 houm under 1 5 to 0.2mmHg pressure at the temperature of aao^'C. 

[00$9] The product has a numt)er average molecular weight of 1 6,1 00, a weight average molecular weight of 44, 1 00 
and a melting point of 1ia*C, 

IS 

COMPARATIVE EXAMPLE 2 

[0066] After purging a 500m) reactor with nitrogen, d2g of ethylene glycol, 1 1 8g of succinic acid and 0.07g of tetmbutyl 
titanato acting as a catalyst are added to a heat-melting condensation reactor. After the temperature is elevated under 
£0 an atmosphere of nitrogen, estertfication is allowed for 2 hours at the temperature of 200*6 and eaterificatlon is con< 
tinually allowed for 0.5 hours under 2o to 2 mmHg pressure. 

[0067] Next, 0.07g of tetrabutyl titanate and 0.45g of dlbutyltln oxide acting aa catalysts, and 0.2g of trimethyl phos- 
phate acting as a stabilizer are added thereto under atmosphere ot nitrogen. Then, the de-glycol reaction Is allowed 
for 1 8 hours under 1 S to 0.2 mnnHg preaaure at the temperature of 250*c. 
^ [0068] TTie product has a nurrto average molecular weight of 9,000, a weight average molecular weight of 32.000 
and a melting point of ioo*c. 

COMPARATIVE EXAMPLE 3 

SO [0068] After purging aSOOmi reactor with nitrogen, lOSgof 1 ,4^iitanediol, 21 .gg of adipioaoid and 1 00.3g of euoolnio 
acid are added to a heat-melting condensatbn reactor. After the tempemtura la elevated under an atmosphere of 
nitrogen, esteriflcatfon Is allowed for 2 hours at the temperature of 200*C and esterlfloatlon ia oominually allowed for 
0.5 hours under 20 to 2 mmHg prsssure. 

[0070] Next, 0.079 of tetralsopropyl titanate and 0.45g of dlbutyltln oxide acting as catalysts, and 0.2g of trimethyl 
S5 phosphate acting as a stabilizer are added thereto under atmosphere of nitrogen. Then, the de-gtycol reaction is allowed 
for 3.2 hours under 1S to 0.2 mmHg pressure at the temperature of 250"C. 

[0071 ] The produci has a number average molecular weight of 31 .000, a weight average molecular weight of 84,000 
and a molting point of 9S°C. 

•W COMPARATIVE EXAMPLE 4 

[0072] After purging a 500ml reactor with nitrogen, 1 SOg of 1 ,4*butanediDl, 94.5 g of succinic acid, 29,2g of adipic 
acid and 0.67ml of titanium isopropoxide in n-butanol solution [1 .02wt/vol% Tl) acting as a catalyst, and 0.1 78g of 
ULTRANOX 626(0.1wt%) (produced by GE Specialty Chemicals Co.) acting as a stabilizer ere added to a reactor. The 
45 mixture was heated with stirring under nitrogen at 200^0 for 1 .0 hour, at 210°C for 1 .0 hour and at 220*C for 0.5 hour. 
The reacoon temperature was than increased to 260*C. After stabilizing at2eQ*»C, the internal pressure was reduced 
to 02mmHg, and the reaction was oondnued Tor 3.5 hours. The resulting copolymer was white and semicrystalline. 
[0073] TTie product has a numt>er average molecular weight of 32.400, a weight average molecular weight of 03,400 
and a melting pc»nt of 95.4*C. 

50 

COMPARATIVE EXAMPLES 

[0074] After purging a 600ml reactor with nitrogen, 51 .5g of 1 ,4Hautanediel, 5g.1 g of succinic acid, 45.6g ot diethylene 
glycol and 0.71 ml of titanium isopropoxide In n-butanol solution (1 .25WtA/0l% Ti) acting as a catalyst are added to a 
59 reactor. The mixturo was heated with stirring under nitrogen at 200*C fori .0 hour, at 21 O^C for 1 .0 hour and at 220*C 
for 1 .0 hour. The reaction temperature was than increased to 250"C. After stabilizing at 250*0, the Internal pressure 
was reduced to 0.3nnmHg, and the reaction was continued for 2.0 hours. The resulting copolymer was pale yellow and 
semicrydtalline. 



8 



PAGE 11/15' RCVD AT 5/1/2006 5:15:51 PM [Eastern Daylight Time]' SVR:USPTO{FXRF-2/21 ' DNiS:2n8300'CSID:3142314342' DURATION ^m-ss):06-00 



HAY-01-2006 MON 04:19 PH SENNIGER POWERS 



FAX NO. 3142314342 



P. 12/15 



EP1 106640A2 



[0075] The product has a numbar average molecularwetght of 64,400, a weight average molecular weight of 1 26.000 
and a melting point of 91 .5*C, 

COMPARATIVE EXAMPLES 

0 

[007fi] After purging a 500mf reactor with nitrogen, OO.Og of 1 ,4-butan8cliol, 59.1 g of succinic add and 0.d4mi of 
titanium isopropoxide In n-Outanot solution (1 .02wt/vol% TO acting as a catalyst are added to a reactor. The mixture 
was heated with stirring under nitrogen at 200*C for 1 .0 hour, at 210»C for 1 .0 hour and at 220*C for 1 .0 hour. The 
reaction temperatura was then increased to 250^C. After dtablll2ing at 260"^, the internal pressure wae reduced to 
10 0.2mniHg. and the inaction was continued for 3.5 hours. The resuUIng copoiymer was pale yellow and semicryfitoltine. 
[0077] The product has a number average molecular weight of 40,000, a weight average molecular weight of 1 01 .000 
and a melting point of 120.B*C. 



COMPARATlve EXAMPLE 7 

13 

[0076] After purging a 500ml reactor with nitrogen, 1 46g of dimethyl succinate, 1 62g of 1 ,4-butBnediol and 0.03g of 
tetrafautyl tilanate acting as a catalyst are added to a heat-meltjng condensation reactor, and the mixture is reacted 
until the approximate theoretical amount of meuianoi Is produoed at the temperature of 200*C. 
[0079] After the completion of ester-exchange reaction. 0.3g of tetrobutyl titanate, O.Bg of dibutyitin oxide acting as 
SP catalysts, and 0.4g of trimethyl phosphate, 0.01 g of cobalt acetate acting as stabillzefs are added thereto slurried in 
1,4-butanedlol. And then it was mixed for 10 minutes at the temperature of fisO^'C. 

[QOaO] Then the polycondensatlon (or condensation polymerization) Is allowed for S hours under SmrnHg pressure 
at the temperature of 250*c. 

[0081] The product has a number average molecular weight of 44.700. and a weight average molecular weight of 
£s S4,0QD and a melting point of 1 1 8*C. 



COMPARATIVE EXAMPLE 8 

[00$2] After purging a 500ml reactor with nitrogen, 84.4g of succinic acid, 13.2g Of glutaiic acid, 14.6g of adipic acid, 
so 1 1 2.4g of 1 ,4-butanedlol and 0.03g of tetrabutyl titanate acting as a catalyst are added to a heat-melting condensation 
reactor, and the mixture is reacted until the approximate theoretical amount of water a produced at the temperature 
0f200*C, 

[0083] After the conpletlon ot esterlflcation reaction. 0.3g of tetrabutyl titanate. 0.8g of dibutynin oxide acting as 
catalysts, and 0.4g of trimethyl phosphate, 0.01 g ot cobalt acetate acting as stabilizers are added thereto slurried In 
39 1 ,4-butancdiol. And then it was mixed for 1 0 minutes at the temperature of 230^0. 

[0084] Then the polycondensatlon {or condensation polymerization) is allowed for 5 hours under 3mmHg pressure 
at the temperature of 250*C. 

[008S] The product has a number average molecular weight of 33,400, and a weight average molecular weight of 
87.000 and a melting point of oaf'C. 

40 

COMPARATIVE EXAMPLE 9 



[0086] After purging a 500ml reactor with nitrogen. 146g of dimethyl succinate, 38g of 1,3-propanediol» 117.1g of 
1 .4-butanedioi and 0.03g of tetrabutyl titanate acting as a catalyst are added to a heat-melting condensation reactor, 
^ and the mixture te reacted until the approximate theoretical amount of methanol is produced at the temperature of 
200'C. 

(0087] After the completion of ester-change reactbn, 0.3g Of tetrabutyl titanate, 0.8g of dibutyitin oxide acting as 
catat^, and 0.4g of trimethyl phoaphata. O.OIg of cobalt acetate acting as stabilizers are added thereto slurried in 
1 .4-butBnediot. And then it was mixed tor 10 minuree at the temperature of 230^. 
so [0088] Then the polycondensatlon (or condensation polymerUiatlon) Is allowed for fi hours under 3mmHg pressure 
at the temperature of 2fi0*C. 

(0089) The product has a number average molecular weight of 30,100, and a weight average molecular weight of 
75.000 and a melting point of 84''C. 

[0090] The properties Of the copoiyester resin of the present Invention according to the eixampies t to 8 and the 
99 conventional polyester resin according to the comparative examples 1 to 8 are provided in 1^le 1 . 

[OOdl] AS shown In table 1 . the copoiyester resin of the present invention is a high molecular weighted polymer both 
in number average and In weight average, and has good processability and superior physical properties, so.itcan.be 
used in many practical uses Including packaging film and njbbish bags. 
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THE ADVANTAGES OF THE PRESENT (NVEKnQN 

[00d2] Conventional aliphatic polyestera cannot bo used In many applications because of their poor physical prop- 
eitJd8» «^olally ton&Ua strongth and toar strength. But the copotyester reebis of pre^ant Invention are suitabie for 

5 many practical usee including paoloiglng films and rubbish bags. The processabiiity and phydloal propartios of the 
copolyester rosin of present invention has been greatly enhanced by Incorporating (f) the "aromatic-aliphatic prepoJy- 
mer* defined above. Thus the product can be procfifised by u&ing conventional polyelhylene or polypropytena proccss« 
Ing dqulpment without any modifications . The environ mental problem of the disposi^ of plastics which causes worldwide 
concern can be $olV6d by ooovnercializlng biodegradable copolyesters which oan be transformed into cart>on dioxide 

10 and water in the environment. 



Cialms 

IS 1. A copolyester resin composition having a number-average molecular weight from 30^000 to 70.000 detemfilned 
by GPC obtained from (!) 0.1 to 30% by weight of at least one aromatic-aliphatic prepotymer (ii) 40 to 71% by 
weight of at least one aliphatic or alicycllc dicarboxylic acid (or anhydride thereof) and (ill) 29 to 60% by weight of 
at least one aliphatic or allcyofio glycol. 

so 2. The copolyester reein composUlon according to daim 1 , which has a weight-average molecular weight of from 
100,000 to 600.000 detennined by GPC; a melting point of from 56*C to ^2S*C detennined by DSC; and a melL 
index of from OA to ao g/IOrhfn. (1dO*C, 2,160g) determined by ASTTM D1236. 

3. The copolyester resin composition according to cialm 1 , Wherein the aromatic^aliphatic prepolymer has a number 
as average molecular weight of from 300 to 30,000 and Is prepared by a condensation, ostarifLcatlon, and/or ester- 
exchange rsMtlon between 

(a) at least one aromatic dicarboxylic acid or anhydride thereof ; 

30 (b) at least one aliphatic or atloyellc dicarboxylic acid or anhydride; and 

(c) at least one aliphatic or alicycllc glycol. 

4. The copolyester resin composition according to claim 3, wherein the mole ratio of the total dicarboxylic ackJ or 
S5 anhydride to the glycol is from 1 : 1 . 1 to 1 : 1 .5. 

5. The copolyester resin composition according to claim 3 or 4. wherein the mole ratio of the aromatic dicaiboxylio 
acid to aliphatic or alicyclic dicarboxylic acid is from 0.2: 0.6 to 0.8:0.2. 

^ 6. The copolyester resin composition according to claim 1 , wherein said aliphatic or alicyclic dicarboxylic acid Is one 
or more of succinic acid* glutaric acid, adipic acid, pimellc acid, suberic acid, ajtolaic acid, sebacic acid, 1 ,9'non- 
anecilcarboxylic add» i.lO^dccancdicarboxylic acids and/or anhydrides thereof. 

7. The copolyester rssin composition according to claim 1, wherein said glycol is one or more of ethylene glycol, 
4S dielhytenegVcol,triethyleneglycol,tetraethyleneglycol,propytenegIycol,l,3-propanediol^ 

tanediol, neopentyl glycol, 1 ,5-pentanediol, l,&*hexanedtoi, 1 ,7-heptanedlol, 1,2-octanediot, 1 ,8-octanedioi. 
1 ,S-nQnenediol, 1 ,2-dficanediol, l.lO-decanedioK decamethylene glycol. 

8. The copolyester resin composition according to claim 3. wherein said aromatic dicarboxylic acid or anhydride 
so thereof is one or more of dimethyl terephthalate. terephthalic acid, phthalic acid, phthallc anhydride, isophthalic 

acid, 4-methy|phthalic acid, 4-methytphthal|c anhydride and dimethyl phthalate. 

9. The copolyester resin composition according to daim 3, wherein said aliphatic or alicylic dicarboxylic aold or an- 
hydride thereof is one or more of suocinio acid, glutario aold, adipio acid, pimelio acid, suberic acid, azelaic acid, 
sebadc acid, 1 ,d-nonanedicarboxy||e acid, 1 .1 0'decanedjcarboxylic acid and/or anhydrides thereof. 

10. The copolyester resin composttlon according to cialm 3, wherein said glycol is selected from ethylene glycol, dl- 
ethylene glycol, triethylene glycol, tetreethylene glycol, propylene glycol, 1 ,3-propanediol, 1 .S-butanediol. 1 ,4-bu' 
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tanedlol. neopentyl glycol. 1.5-pantanadlol, l.e-hexanediol, 1,7-heptanediol, 1 ,2-06tartedlol, 1,a-octanedtol, 
1 ,9-nonanediol, 1 ,2-decanediol, 1,10-ddcan6dioJ, ddcamethyleno glycol and mixtures thereof. 

1 1 . A memod for propaiing a high mofecutar weight copolyester resin comprt6lng: 

s 

a f frst step of preparing an aromatic-aliphatic prapotymor having a number-average molecular weight of from 
300 to 30,000 by a condensation, esterfficatian, and/or ester-exchangd reaction of at least one aromatic di- 
oaitoxyltc acid or anhydride thareof with at least one aliphatic or alioyoilc glycol and an aliphatic or alicydic 
dicaiboxyllc add or anhydride thereof at the temperature from \ 60*c to 220«C ; 

10 

a second step of preparing a polymeric resin by an esterlficatlon and/or estor-OKohange reaction between the 
aromatio-aiiphatic prepolymer prepared in the first step with at least one aliphatic or aiicycllc dicartoxytfc acid 
or anhydride thereof and at ieaet ono aliphatic or alicydic glycol, at a temperature from 200^0 to 220*C; and 

a third step of performing a polycondensation of the polymeric reeln prepared in the second step at a temper- 
ature from 210*0 to 270«C at a pressure of 0.005-10Torr. 

12. The method for preparing copolyefiter resin according to claim 11 , whorcin the mote ratio of the total dloarboxylio 
acid or anhydride to the glycol is from 1 : 1 .1 to 1 : 1 .6. 

20 

13. The method for preparing copolyester resin according to claim 1 1 , whorcin the mole ratio of the aromatic dicarbo- 
xyjic add to aliphatic or alicydic dicarboxylic acid is from 0.2: 0.8 to 0.8:0-2. 

14. The method for preparing copolyester resin according to claim It. wherein from 0.02wt% to 2wt% of a catalyst Is 
ss presented atthe stait or at the end of the esterif ^cation or ester-exchange reaction in the nret and/or second reaction 

steps. 

15. The method for preparing copDlyostor rosin according to claim 1 4, wherein said catalyst 1$ selected from tctrabutyl 
tUanate, oaldum acetate, antimony trloxlde. dibutyttin oxide, zinc acetate, antimony acetate^ antimony glycolate, 

so tetrapropyl titanate and mixtures thereof. 

16. The method lor pnaparing copolyester resin according to claim 11 » wherein ffcm 0.02WI% to 2wt% of a stabilizer 
is present atthe start or at die end of the estartfksation or aster-exchange reaction in the first and^or aeoond reaction 
step. 

35 

17. The method for preparing copolyester resin according to the claim 16, wherein the stabilizer is selected from of 
trimethyl phosphate, phosphoric acid, tnphenyl phosphate and mixtures thereof. 
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